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(54) OPTICAL INSIDE INSPECTION ASSISTING EQUIPMENT AND ITS METHOD 

(57)Abstract: 

PURPOSE: To simply and surely detect fine feature 
inside an object to be inspected, by coupling an optical 
matching means having a refractive index nearly equal to 
the one of the object to be inspected with the surface of 
the object to be inspected, via an optical coupling means 
having an incident angle larger than or equal to the 
critical angle. 

CONSTITUTION: A silicon prism 130 is made to hold the 
contact with a silicon wafer 110. An infrared ray source 
132 is so arranged that a comparatively narrow infrared 
beam is casted on both prism 130 via a lens 134. The 
incident angle of a light is so selected that all of the 
internal reflections are generated from the a wafer 110 
surface and a trench 114 wall. An infrared detector 136 
collects the reflected light from the wafer 110 surface. 
An infrared detector 138 detects the reflected light from 
the boundary surface between the prism 130 and the 
wafer 110. An infrared detector 140 receives the 
reflected light from the trench 114 wall. A signal of the 

detector 138 is used as a control signal to the detector 140, in order to reduce the error due to 
insufficient contact. 
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So 

1 KE*W>3te¥Wrt8N*3S«»j£Sltt. 



- 1 8 8 O 6 



[18*1.1 7 ] ±K#i«SBttOTB-e£ ZM.*&MZ#i- 
5i/>XW7i»$:^, iE^X-V^Aii, 

lt# 3 «fc 5 i/VXfgt Sr-t-tpr t £4# 

JB*r*«:*rU ±Brttt««E3£fittt. 
izfcffiXZZX 5\z±.tR%&mm<07?y hffi$r±E^ 
1 0] iEft^SBIiWbu- ^XT-fear <t§r 

mx-z zmmtn&$ts'z\ t &»«tt5ai*s s ins 

*<D3fc*WrtttttSE«SJ!>3Sfi. 

1 2 ] ±BE3t**S-&^Stt^*< b 1 1 OOM 

itc t ran** 8 tiB«o*^«)i*j«is«as««j«B. 

-fcE*Mfe*a* 5> -tEft^glB irefg^- 5 r. <t 755 T* t 5 J: 

&^%®$3m^Wi*<£tsz t t -r 8 \z 
«E«<o#¥«rtffl8aE«»jSB. 

im^l 4] ±IE3t*3fiBttW»-C-#5«5^raBSr* 
fSi/yX^rAtfc!), ±IEU>-X->^xA|±7fe^: 

£Z£o\zffii$,£tilti'^X^&bi:-£trz\bi:ft®t 

-tzmxm 8 irEtw^iftrt&s&ssgbiSB. 

ftfcas^T, ±Ef£«agHi, 

? aL^roJBJffsp t 15I3T m L l ^JStfr^ Sr^-T 5 ¥fl 
u-^Xi:, 



[§S*®1 6] ±ffiSB.It^Sl±±IE¥aU'>XSr^LT 
¥mi$9^&MKTZ£?izffii££tifiL&ftffi.&'Sts 

iEifS&^i&li. 

&Kifc<DfrMf&\zMi&i-zftiz-v&?mmmzmi-&@i 

15 ii^c^-tirSipt^^Mr^UTII^^^U. ±E 

[S9**l 7] iEWbu^XRtfJiEISflK^&tt-hK 
20 U 
-hBJMMMStt. 

^4t>*«)t>nfcaiiO>i:*«te^lS-oT3tt±Eu>'X 
Sr^LT±E^^<oaffit^*&-f-5^tS:t. 
±ESi@t>i:^tatgwfl¥^;gp^2r^i-5^ blzXoX 
25 ±EiSi©t>t^HgSr^IE-rs J: 9(r^£$*tfc|g l <o 

-T 5 J; 5 KfiSj* S^fcfg 2 <d^M74 Asd> *<&tsz. b £ 
30 1*iit5«**l 5l:G«oitiMPHi«. 

8] #®£t>o^E.au t fS<fc^i'#m£t>fc 

m.wv^*m&^z&\zmmte^^nw%i J ^mb. 

m,\z&\,^X. ±ESI«&$ii4. 
35 ±E*^^^roffi9f^t«lS^Lv^®t(f^Sr#-r5 
W-ft^^Xb. 

±&¥-&\'i'X*±i&*Mfrv^<ommizft¥mzm 
■s-rz^Wib. 

%3L%.,\,if— *±E 5 Ftiii'^X^^UT±E^^^I^ 
40 i&U iEWif&^tifc^^^-cojJirA/ifi-^rS: 
±E#^^7^^Mc:^»crtg|5»cSAti-5fi?Jt#ia; t . 

±.&*&ftv^<ommv>n-m\zm®%^ ±xe.am& 
v^ss(omffi±<D±mw&iz£^>xx.x-*/\'*-ztew 

-tZXo \z^^ntz^t^J^—\Z^Wi LX. ±E^ 

5 *a t s: Mr 5 c <t & *r<§ t -r s n m d «. 

50 "C, iE^Pt^g+li^ 
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f 5 1 A, ¥¥fWi & t> ft * 1/ **B6 A VKS 1" 5 SUM&tt 

J:5«w*^$ix, JbEmi^au-v-XSr^ur*^ 
s^—<Dm 1 S[S#&i^X/u?:*'M^tfef& L^oJbE^ 
2 w?fli/yXSr* LT3t^.^=¥— com 2 gB#£r&iJS 
^^NtrSffl-rs tr— -**X»J y^^at, 

*»r>j:^6>R*tLfc3tt»-&i-art^J:9. -hie 

[B*S2 0] -kEif-A^Xy y^^Rti. 
KJSKj L-C5»tfc*^*^*-«>IB l W#«r-kESS l ^ 

fflr^b*^J:Effi2a»S:±E»2<05Piau^X 

iETiMHiS «bK, iEWWS-^Sr-tix-PixJIftSJH 
1 1 cospauvXSr^UTJbE^vX^^ 

^PdbU-vX^, 

E*^^u*— Srspfi u>-X^ iTWftf; "bnfcA 

^rtKUfr&U ±E*«#*3t^rt^fcl^-C»^J: 5^ 
RMLfcft&K;ftLTf3i{3f90 o K>fk8[-e5Utt\stijlCMifi 
±E3t*«^ia*V¥fiuvXfc^U"CJg-&S*t5BB 

¥i&u>X^J:oT^^bti^*«*^^>rt<OAW3t 

EVa^^Xl^J:or^ifenfcffio*«S:±E¥iau 



H**KT«>«**-e*4*IWl »fc J: 9 JbE*fe*tt 

20 *at. 

±E^*^^^rt^±EM<D*m^^.^tr*5^T± 
Ett03tft*o|ftS:«IHii-Sfe|fc^St, 

1 coHB4t#gH^ J: 9 ^x. btifc*fS#^KiRXt/±E^ 
25 «^&K«fcoT^$;ftfc«rt^ 

^B»ft«J:^foS^»tJbE3t^«BSr^U-C«-& 

35 ( B) iEStftWSrfiBSti-S^^^Xi, 

(C) ±E»ft»<Ortffl^e>e*U^o±E^3SBSr 

^r^x. 6 ^ t S:«« t -T £ ffc3M*#ife. 
40 liS* r l2 4j ±IB*^IM^^fyy (A) ft, 

±E»**^ffl**aB«-»U-C±Eu>Xo?sp«L4a5 

*^2 3l:£f(OMft*feo 
[IS*«2 5] ±E5fe^®IS^^xyX (A) tt. 
^yX^fcSiEuvXXVjbE^^Micfe^r, 
JiE^^X^5Pffl/j:aBD&±E»*fto¥S*aaa^« 

so ^ifiae-rs-t^cEK-rs^^yxi:, 
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tf±E^>XH£#ptU ±ffi^(fc&tf±!Eu^XRg<£> 

TiRU'^xrtKieaH-a rtms^t «r«»£i- 

[fg*rj2 6j ±IE^a^vXji5pffl*SaaSr*U^o 

tifc±!a»*»w¥ffi**ffi^E«trtl-±fB-<7' y ^X 

S^^_b|E^ft/»Stf c ±IEl^>'X<7?-<7' y >X;ffi3:f$: 
ra^JbE^aMfefc bnfcffl««r*«Io-ce»i-S r. t £ 

®mt-tzmj£m2 3KE*^ffcm4fc*ffio 
[0001] 

[0002] 

r^-tr^y^ey (DRAM) -tr/K^Ett^ >"r >-y-<7}J; 

I 0 0 0 3 ] Itxlw co h Wi^liiESriS 1 C/i m] X 
112 C/im] % #l£^6 Urn] /«£^L8 Urn] 2fcl/ 
T*^>7 hit (E^KM1-S#i£<Dit) ?)58*flT*& 



So 

[0004] 

T0Bffi^6>«***ar««i-S «fc 5 K *^&^S r t 

is [oo 05] >y ^isRxftfy^-VJ* • t*ffr&4Wii. 

2-15 C/im] «0Pp1^ftfiSrWi-S^»»c5tlc:»bT 

20 — >e<03MlfiK:J: UUffStiSo b^Lft^b. mSE^Jffl 
$nrv^^r^#^j»ls»»coBBPtfe{io. 5~o. 8 

2. 5 [/2 m] fc*3 0 
25 [0 0 0 6] *il<rtfF3g4 6 2 5 1 1 4§|j:iWl/ct 

30 xi4^*^*j£ft(c:E:oT»^ffirt^e-&-i-5fc 

35 [00 0 7] *[l#fFSg4 5 5 5 7 6 7&ft-7—!)=.& 

40 So 

[00 0 8] *H»fFB 4 6 1 5 6 2 0 ^-{i*0^< S»J^ 

t>^T'feSo 1 [/im] X&3 [/im] ^^C0^Wi~S 
try hit/ 2 C/im] Xtt3 (/im) ^*g$rW"TS t 0 ^/ 
45 ^tt 300 (nm) frb 800 (nm) ^>Jfi«^K-ffci- S^fe^ffl 

aj^tto^oKsoj^»^^$^50^^<o®S(o 

50 [00 0 9] *H#f^3 0 3 4 3 9 8 ^H^rVu^^n. 
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[0010] 
[0011] 

/&£*l6o 

[0012] *5se^<D i o^siantf, 

[0013] 3K3fc^3£iB 

[0014] #$g9J<£>£ b«-teo»»iri'tLtf. **35 
NA = n sin G 

NA 

«*Jc»-rsaR$ix^iEat>i3Elll^ffL. 0.2 £9 
4fcte^ft^n#il3. 5&t/3.34C0HJff*i:*5o a>< 



[0015] *&W<nts bfcfflWlTOK: Jtttf, 3t^3S 
05 [0016] 

[0017] mm) J£AT0B5twOt^r. **w^-n 

20 5 J: 5t^Sbi-sr ^^-e#5o 

[0 0 18] »(D^gI[ii/yX^fflt^M$n 

y-i/y«m 9>~y?Tm\. 9 

25 tfffll-^T^fl§T*$>5o 

[0 0 19] WTI-*5^tli^^x^^|cit 

[00 20] 7 T^A^lR] 

Aiaot^^ti^o u>X<^B3p«NAfH5co 

( 1 > * 

[0 0 2 1 ] 

[»1 ] 

35 

( \ ) 

So 7^7/K*fr<o£?{£SA xfift^) (2) 5t 
[0 0 2 2] 
40 [«2] 

( 2) 

[nm) J^T^KS^rWi-S 0 *fc-f Vv^aiJrA ■ V >it 

45 ^y^^A-rmyft^ #y^^- 

[0 0 2 3] ^^>J;5tt»»0 5*>«>io^e>f^f>lxfc 
u>XrtoiSAffi5t»«-»LT3t^*S'&Sn6i. 
50 tt4EJL±^BBoaS:^5r fctf*-C*S. (2) *ic*5V^ 
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[0 0 2 4] ^^^^x^^r^i-^I^ir^^SM^il 



1 2\zKZ> 0 ::t'k(i^ (3) 5£ 
05 [0 0 2 5] 
1^3] 



27T 

X 0 



( (3.5 sin{66°) ) 2 - 1) 



( 3 ) 



\Z£oX5-Jtt>n% Q Z<D (3) 5fca>?>. k 1*1513:14. 5 

Urn" 1 ) i/yXSi/S^^x/Nois^ci 

[0 0 2 6] Lrt>L#J&*5>. m5(DX ?\Z\s^X(DJ&%$ 

l+r 2 



15 



^^ffi (n, ==3.5) SiOD^^Pffilfc GO:*- T^yzf 
(JSjff^n 2 =l) wf^atm^ (;:t-0 

fcfcfcE4t«»rrt:. (4) 
[0 0 2 7] 
[3&4] 



r = 



i-r 2 +i2 7coth(ka) 



( 4 ) 



(:io-c4i&ti5, c^tMij:Sit ,/2 r- [002 8] 

fc«3, yll&CO (5) * 25 [gfc 5] 

.2 



r - (sin^(e) - (r^/n-L))-* 



( 5 ) 



(liot^b^ a (120(7>^y = >*fl6IHa>3Hr3' [0 0 2 9] 

-ftomZX-bV. kte&(D (6) 5ft 30 [f*6] 

2 2 

k - Ao( n l sxn 9 - n 2> 



[0 0 3 0] A5t^66° ^ox7^tyy50 (nm) CQ^§ 

cMict^o 50 (nm) u±^^r^yy^mmx^tz 
1 0 0 3 1 ] m iR^m2\z7^'tx /yxAti 

tPminERI (i-4to*>50 (nm) «: 
?#5^£^T'£5 0 fff»lltWggHt*s»bJx50«:, Mia 

d £ JcB8i"5 WTcolEiSJlia 2 60 u>X 
fcSfflLfcS^Uio^T&^Sa?. r*U*E! 1 <DXy X 



[0032] h u^Xii, S5^a3tK^ 

&^!^$:ft6 0 ^X^i/^x/n 

40 y-X&l/Ky 7 hSr+^»w^-r5o «s£ 

Ku^XfiaK^^^^b?#fc»ojS^-&h)ii:Sr 

45 tf&3zirZ><DX\ \s>XRXJ$^^ti!l<DmVim&&%Lt£ 
[00 3 3] ^x/N^y^^ht^l^ 

vx^ji2o(OBgja^ s #aEi"So ®i<oraH^tt. * 

50 SttSBBi^tt^tt !>x/NC0$Bxii uvX^ffi^Sc 
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[00 3 4 J ffi2 0>RU9.&tt« »»l/VX^!?x/>$i 

Jt<&(ft:*:£ i ^ T ^ X£:# L T 6 
^fe^LfefiUMftafftSra^^ hri*fc£n£il9K0r 

(na) tiiffl4wcfi«-rsfc«>^attU'^xji<ott 

[0 0 3 5] ~<£>2o<£>BgiIj£ti\ #4b U^X***?^^ 

fitBB n« J: 9 v MM n!R$:W£ u isX&R 

fcto*>*IliK4Bf» Srffl^51i:lwJ:9, 3S«»t5^7 
* 0>##ffiri s fc < T t>#f#? w ^XoiSgBA^ 
yu|£iBttWfcft&£-£x-5o 
[00 3 6] ±i(7) J: 5 ^ y n y^^j u 

V X^*ffiXt/ •?^^ s ***^«J»t- : fe ****** 

3Ku^X^b^^T^i»tii^tfrt^»3feiS 

ht£*). «{*rt^bo^r<o*j|ftttuvxrtoe»* 
[0037] 2oo%iSi-'<#Pp^)a, 

ICfcO. ~<D&m\±±.y$<DioV ^^Rlftfl) 3-^^ • fc: 
StHfr&tt u >XS:ffl 1 1 ^"C^ fc < So 
[0 0 3 8] L^Lfc^b, *»»uvXtwigffl-e#S 

^ 1 (D/^y at— >B • TVf^^K 

9 fc**lwSK«t?* SHiWiPHw J: oatttuv 
X^5pB5Sr««i"Swi:-efc9, ^y^^-7yf 



fp*n?#s. u^xxtt^^^icwapi-s/htt^ttia 

ffiS:Bira$-ti:-5J:5«ai»BIS*frfc^o = —*r<<^?\i 

10 [0 0 3 9] l2W/<!lx->3yit 3Et4fcuvX^)DB 
D««r#4> (Hitf2.7l:) {&®£-t>r, ^o^ir^rt 

4ic^-r e u^xo>B8p»ii, ®\x-\±—& t m&&<oyt 

15 »Srass*t»^^X<Z5nffl*ffi©±*Jrtt9 2 1 6£r*f 
H*Jffl»r*ai-&«"»tt2. 3lCDliJT^^^-r5J833X-2. 31 

[0 0 4 0] ^OjiWas/iH^ftfcS^ SKftffffiS: 

So 

[00 4 1] ffjgfc^^»mrffl^SSii:ffi«**« 
35 trJ:S^Ki^30 [nm] fc^L50 [nra] td^^p-rSffi®^: 
5o 

[0 0 4 2] ±3to**j|*^*mfc«ff bfcl^tt«>iK^ 
30 Cnm] Xt/50 [nm] ir^"t*5o 

45 [0043] ffigfc3g«3t»^eiiaK^^x»c:i»se«) 

8lw^$nS/XyU2 2 O^W-TSo »igfc^^ htt 

so -r) ?\\zi6^xmy&-rz>o s««yx/u2 2 otrAo-c 
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$^P2 2 2\z£iX7F£tiZQ%Lm&i:Mtf, SS 

r £ id £oti§] 5 K^-rsaw u- vxicasv *-c $ n 

l&SfeKffi&tf^iSfflJ f*W r-^y y- h^atff«waS 
ir*. 18 9 7^ 14 4-1 53IC!»/T$nt 

[0 0 44] ^^SEdS^Ji^^iSBSt^ffit-^^^^ 
h Lfc^<O2o^igffl0yS:igi&tl c B12t^i-« (§11 

J ry?ft\zm&'&t>£tlZ> *>}) =>-79X* 1 3 Oftis 

\) r3>r^J.yN ! 1 OCDM&t h £o ^ 

h i i 4 s:^tp 0 **MS3to3feaa 1 3 2 raw 

K (LED) TfctK l/>Xl3 4^LT^fiy 
yx^i 3 0<^fo^ffit-r^^5itKW^h^#^?t^ 

[0 0 4 5] 30©^«ttH«1 3 6, 1 3 8W1 

;frfc*£»ftU H**tttftHlBl 3 8li7'yXAM? 
Si 4 013 1 1 4fg^bRWSnfc3t*SltS 

[0 0 4 6] *ffiicjBtttt4*«dS/ii^*&, 1 3 2 

^^/JiXAi 3 0^K5*WJ^ffiSr^br-tn^ 
n**H»«ta«i 3 3 8i:^ 0 L^Lfttf* 

e> s hl/^f 1 1 4 tibt h t/>f *a-t 

[00 4 7] h u>-^- 1 1 4 f±#*M6*;<E>i£fi (*> y ^ 

>rtir*5l^T«i 400 [nm] ) t Vtifrt 5 H0"C\ = 

Kftibft^ SKUBKSfisa^ RMff^^Slih 

[0 0 4 3] ^*M$ttt8l 3 6&t>*l 3 8KJ:oTiM 



3§l 3 8^b^lif*II^J:^^^^^-t 

[0049] m^mmmm 1 3 s ^h<om^nm»amm 

[00 5 0] fSs^lkttfcU4S 1 3 6 fl>fco«-§«*^»Bi 
15 -5 0 ^co2ocQ«^-coitl^ h ^-{rjE^k^^ 

[00 5 1 ] 02Ji*>!; ay^x/N^SCay^^ h 
-tZisl) ^y^i/yXl l 2^S#Mft«l*£*H"o 
3tej»l 1 8li/yXAi 1 9&^bT3&$^^l*9K*S 

u>^i 1 4tc«to-cSttStbfeS5ftffi3t«9«^^^l 
l0*^e»t5^ili*CSiv\ La*Lft#fe, 3fe« 
1 2 0#i/yXl 1 2^B»SLTiaS$*t5^y 
30 !IXAl 2 li:J;oT^*»S^Six5i:f , N ^ 
>^1 1 4^bW*»l 2 OcOjRMfi^vXl 1 2idi 

[0 0 5 2] I112(C^-rt^fiiS^^n^NA^ 1 bO^ 
^iRMttifl^Xtti: Itft^nSo L^Lft^<b. C<D 

^ -5 <7) x\ t<Dm& * « t A/ if* JE-f - ^» - 1 & -e# ^ V ^ 

[00 5 3 ] 0 7tt»>^^fil3£<OKiwfflV^btLSllfigW 
¥%t<Di/V =1 VUVXl 1 2I1 : ?S'&U>'X3 1 0 t&S 

t5:tl:J:9^HE«jS^«*3l 2 So 
45 uyX«3 1 2ii^^/^l 1 0 oaffi_h03fe^S^SK 
^2 l 4toi^i±i:??^t^^o tSS£8M»«o&£tt 
^5g60X— Ai/yX#tti:j: u^Xi l 2(c^br : lg 
^u>X3 l O^S^^ESr^^-^Sr tKJio 

50 fi-r<53£fi»*Bl*Lftt\. 
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[00 54] mi tr*5t^T3tiIS3 i 6ii^iiy-^uy 
fc«»tS«BROA»36««*:*i-. w*u£ BBS t5Rtt 

<o Basils ft ru^^fgj T-fc^o Stt?MiB«ic*3v^r 
loose] m 7 tr Tjk-rwmmm *<^fr<Djjmz&y 

fgltt. ^^X3 10^ 

Xi i 2l:^lt^^*^i/vX$r»m^ti: 
iotsi^niSo L^uft^fe. :ouyx^ii 

[00 5 7] W«©»»tft£ffl^-5<!:, ^O^SC^tt^ 

[0058] mmimtfmfimftmtmzi&ft&ftmh 
[0059] «Mx*ttB*- K^b y 



[ooeo] M«»H««<c:B§-r SJtttttffl**'* y ^ 
Wl^o— «»ftJSRa^ov^Ttt*H4WJB3 0 13 4 

[0 0 6 1 ] H8^*-t-3SB^*5l^Ttt, 3tiS3 1 611 
15 l^— y"4 1 0 £B£tft;tb*U tV*~/U4 18tei 
$ti)tift^«»r*5^r*--3t«WSS4 2 O^fttjtwidB 

£*L5 0 ^f^gl^O{t!lCO^gI5p a niilI]7 <br|^|— 
X$>Z> 0 

[0 0 6 2] L^U*^bSB»«£^ffifflt-oV^r 1 
X3 1 2Xt/fc'-A^^y y$ 3 2 O^r^b-CKWbfc 

[0 0 6 3] ±»^wttisapa*iWc:s*i-5 

StJW^»«»»JRrtoW«Ka*wBa^S:$tf^ tx 

[00 64] -CD^r- h'^m^XmZ&MTti-ZCDttkt 

so [oo65] ^^pnh^mii, K^b 
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co £ co li 3 RBI«(*:tlE|R^« $ £ fctf&B8« T-fo 5 0 

[0066] wumm&<o&m%®Mimifr*) vtt < , 

U^(Schlieren) STi&iL EI 1 0 <DPgffiS®m^Rt>^ 

[0 0 6 7] ffig*^3-]; — uvSHS«Sr0 4t^i- o 

ft, -^co?^l otiSiau^ir^E^— SISS:^^^ 
7^.^ ^Ht-^* ^ $ tufc#gp^«5 £ Ay if ffi# 9 ^ 5 

J&£ft5 0 W 7xy y tti ¥ff tfco i: « i , 

[0068] m 9 ir^-rasHiiia 7 comm^ 2 o<on 

7x7v>*4 3 2M4 3 4 ^M/ct^t'fc^o 
aiy^tt*H)4 3 3 5(Oj|Sll:»»Sil5:t 

[00 6 9] H»»cO»tf 3 1 6 l:iot«4S 

tt^iMRl. R2&U<R3R:J;9^£ix£<> HI 9 ^ 

1-«fc3l-. Tfe^R i ii^7iiy^4 3 2irj:or^b 

tlZfr%MR2RVR 3ttfcT— A*:/!* !X^3 2 0l:6 

R 2AMR3 Air LTttsmi-^o Witfhu 
£ 0 Cco^SrR 4 laoTit, 



[00 7 0] 3t<6R 2 A. R3AXl/R4lilf-A^7 p 
ii 3 2 0£iii§1-£ o 5fcsSR 3 Aii^-f 7^^i/4 
3 4 tc Xoxm bfrZ>fi>%MR 2 ARXfR 4 l23te&fcBS 
7K3 1 4±CS?rMt^o H/T«|j:Ky^!i 
05 — UV^e— KT'&So W7xy-/4 3 2^(14 3 4 CO 
1 o^K,LT3eJ8R 2Xti3^R 2 AO^i*ix^SrB 

So 

[0 0 7 1] *>^-y — i/y*-Kli, 
x«l&£facom;^<D5fc^ 

[0 0 7 2] 3tejg3 1 6&t>*U>X3 1 8^u^-»f{-g 

#«^e>tts»-&, m 8 <o^*s&k^ >^ y - u > 

15 SSffltflSidJ: ^HffStiSo ^fcrttli. «ilit>f7x 
7y4 3 4M7tSliil7W 3 1 4 ROKlEK £ftS U 

P^7>f/u^«At^: ^fcio-cftSttS. SK&li 
?xai i 0^j|lt5:tiaoTM$tiS 0 zco 

ftS4§£\ SttAtt. fejKa* hU^j£»«IoT*3lE 

ffiisft is 2 oow 7i^ z?(Djt— s<? yymm t it 

yu-Cfct). K' , (iRSt^^^ttiK^^ h/u-efc^o * 

30 te^-f ^^ vU 3 2&tM 3 4^-^7 , 77 P ^t: 
Sit* r. i: lc £o-C»J5E£*iS 0 
[0 0 7 3] Kv^HP*NASrto«»«Srffiv^Sliffa 

C^^fS) m2(0 7>f/b^Srto««i6S:ggPfl 

So 

[0 0 7 4 ] S«t««RBItttttt3Ej£S:3imi-^S1ES: 
45 HlOir^^ wCO^Sli^i§t>i:^^^^ 4 4 0^t/ 
g^t>ir^-^^^ 4 4 2^*>S^^j3t^-CBl7 0PtS8ft 
i:^/i:5o Ell Oic^-f-J; pic, ^ 4 4 0 lift 

»R2»tSriiL, l^l/R 3 Srl^^-zu 

T-foSo «R 2iit'-A^yy y^ 3 2 o{:SMtt 
50 -to— «3ftS"ra«SjSuvX3 1 2twr&i^9 0 1 
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5ti-^<b*i-3tiSR4&(/R5SrmsL-r5o zcoytmz 

0£il<5 o U^Lfti^b, Tt^R 2 Att§f&T>£^* 
^44 2taotl^ix5CQT')t^rW 3 1 4\Z 
ai"C#4^. *lR4M'R5lj:7^ 3 1 4 tdfifil 

[00 7 5] r<o«^tz*5t^r. JKttflMSW^fti^v 

[0 0 7 6] BaS-rS dH^iir-T) ft, HI 
1 0CDSiSt>£3^*^4 4 0#tf£«t>£3^*^4 
4 2 jJSAlxft*. ^TEI 8 O X o \Z Xs—^ffrftMt Lt 

4 4 0(it: o >^— ^XtbK) , ^flrt^y^Jt 

£gtfftt\ ^^CQf&^J^i^^WJT'^^o -t 
^rt^^W#®^^$(i^B^u>X3 1 2£^ 

i ocosts^-r^^-f^-ho^ft^^^icpfp-r 

[00 7 7] (Hi 1 ^fiFigft^tli^il^^^{PJJ®I§] 

zir^x<Df&ft%wf&^zmttmm*miR-rz> z. t xtb 
[oo78] mi i iz^k-rx o ^m$mwmm± 

Wxtf*«Rl, R 2XtfR 3S:*£1-53teJIK3 1 62fc 
t/=i y y — ^ uyX3 1 8£^tr 0 l>i:^¥ffi^^ai 

pj^i,guyX3 1 2t^e^-r^)o TO^»X3 1 
2JC*5l>T, #HS)03fe«R 1 & 3 ttfi^ l/^X 3 1 
0^«fcoTiSO^BBP«NA^U>Xl 1 2&U^^& 
flt»2 1 4 Sr^LT^^l 1 Ort^Jg-&$tlSi95AS 

[00 7 9] 1 1 0<Z>rt«J^*5t^T, r.cOTfe^li 

Effi^ ft «t 9 * # v ^ g £r fc o T ^ 5 <D t?i--< T (30 tm 



tfiSftffi^* 5 1 4<aS^J: ?ft£:t^Stffi 

<^«JJxB^bSSt$^St#X(iS i 0 2 1-ft^^^ h 

[0080] v ^<o&&mfc£fttz.&mz%mz i 

[0 0 8 1 ] Ji^r fctt, tS*<0»««IW»^*3t>r 

z&m&ffi&nzz tx&>z> Q vx-^<DmmfrhQ^ 

20 5 0 

[00 8 2] WfH* 1 tr— A, 2 t-i^^#It- 
A©3l*l^lt5^t^5 D 1 fcT— AS/^r^tt 
-tfyu^^r (Zernike)^l/=2— yU-^r/ (Corle-Kino) 

25 — U&^MftKMlrXm®^? h U 2o©S«^5) 
£T 5 tett-tf/i' =■ ^ > ^ x ^ ^ *3 It 5 J: 9 fc«f t L X 2 

(AC) SlttJ^^v^T— mz&mfc-rz (^fp^y 

30 [oo83] »igft=i— /u-^y^tf (m^-r) ft 
m 8 i^^-r j; 9 ft*^is»«(^^t^¥ffij-AcsEt(H2: 

ffi^u— iJ^to-CKJtbixS. 

^ft d ^fix^^<om'm^^^mm^^\a±mmx 

[00 84] iSv^p^NA^u>X4r^i-^iffigft# 
45 7F*ri/vXi i 2 0*ffi±(ciSR*tKSriE®-rsr tt- 

50 (tf>ft9 K-^$ix^S«ic»UXttit«W**vO <D 
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[0 0 8 5] t6Btt*JgS8<^«ffiffi (iSKifc-CfctitffB 

[0 0 8 6] $^s^frb<DRttlZ&Z&te£ik^ttfcl, 

[0 0 8 7] fc^-f fcffiW.<omt£X*£>Z)<DX\ RWt 
<DU— -ftfj*— K£fflv>5 w<hJcJ:oT^$nSo ^ 

[0 0 8 8] »iift2ir— ^TtfH-ttW^y^ (Mi 
chelsonh ^ — if (Mach-Zehnderh 

^ (Linnikh ^ a — (Mirau) , h-f V— if V — > (Twy 
man-Green) ifcO* / ^ — * (Nomarski ) isXT-J^HS 

IDl 2&t/Ell 4KoV*Tfc#i£'<5o 
[0 0 8 9] 01 2l*£?ig#y V^^^^fr^fiilffil^ 

g*fr-e&!9, A_h<D^7 — (i~Jfcfe*>*^0 ff> 

ftijl-l^l— (Oi/yX^iag§ti$o i^N A uyXy^r^ 

[0090] y is^yp^mtte**^^^*?"^*** 

[oo9i]»t(WH tf^xii^y =■ 

>) C0rtSB^ib^i"6i^NA'>^7 1 A«rio^-C, Stfgft 



-fStcottT 0^b 7i 7 y7^Sftt5 0 t&M<£>— SB 
ttHflMfrOftt £ ft 5/ 7 h^-tts^dcfco rffi« S 

tr— a ti#t ic 1 5 1 a. if pi— costlftT I- *j 5 ± rtSGSM 

15 ftg»-r<5o «ot, Z<D&ktfrt>±-fZ>W®i'7 MS 

[ 0 0 9 2 ] m 1 2 l^i-^^A^J; o if 4 

1 Ori^^Sfcl*^®^ (AO) ir/U4 6 O^ilig-f 
20 S« »ig*lll£WtC*3^Ttt, A0t/Hj:TeO 2 77 
(Bragg) ir/UT*fo So g^lHlSf*&^^^ : Sft^4 
6 8i:iot4*.5)n^tWt*li:e*ttAOt;i/4 

[0 0 9 3] ^(Dffi&lzlo^^X, AOiryU4 6 

6 8^b^fS^-ttMlifi»60 [MHz) 110 [MH 

30 z) o^Otw^t). *»«»«>3S*ttAltu— y-'t'-A 

[0 0 9 4] AO-feyU4 6 Oir "ioTfflSffil^tLfcfflrfiltr 

-AiiHu^®^ 7—4 6 2 iaotBt$nt^^ 

35 jgflc2 1 4<OJi«Ccto-C^^Xyi-^^^l 1 0 0^®^ 
IS^^n^^ii>yX3 l 2 K fad* 9 a 
[0 0 9 5] AOir/u4 6 0 lw«toTfifS] Slx4i»o*: 
fcT— Ali^ 7—4 6 4iw«toTRStSiX-CUVX3 1 2 

ifii A/ifRl— co^I^:^^u^X3 l 2 ACfSj/i^o 

TSie^^^^l 1 0 AC0SSt-$g^$tu5o 
[00 9 6] -^vXyu^^-^^ 1 1 0>SlI>*S^»>^^ 1 1 

45 SlcfBotl^o AOt/U4 6 otr§i|»i-st, Siptr 
— acq— ffltt3t«tti.«4 2 0l^ffl[f&i$ttv f-^X/ue'— 
A(7)—gBr) ; AOir/^4 6 0 t-*5t ^T1S|r1$ tt-Ti-iiiS b 
T3t«tBSi4 2 0lCfr7)^ o 3t-^l±i^4 2 Otr*3l>T2 

50 ^i"5 0 
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[0 0 9 7] AC ^-7*1?- J*RXfi 

h L^o3t«iaj*4 2 0 tc»i-s*AW3tffiliAO-fe^ 

4 6 0l:i:oT- S^iBf$]$iX-5^T*, 

TVufcT— i»&t/g2gt:*— J*f&<D 9 ft 9 ^M\^^-f^^ 

^Rammv^<o&fftftte.<nmg:tz Motifs tr 

[0 0 9 8] is i 2 y V^y^TtfffllU— If* 
(D^W&R XI 2 iSj£(05fc^fiS<D 7c tb \Z s fcf V * —/Mi 
ft t ^rAf$)^ mzmiN £ ~&X 5 ft 9 ff# 
$:4f 5o ::fttt£EP4 6 6{:J;ot^tj: 5 CAOfi 
Ifil«4 6 0i:<toT^K^W5 x*te6r|p]fc:*3B 
S*t. ^i^»X3 1 2 0T(-i^> / 7 P ^^^^^% 

S*ft) *cit2tSixSo tftCi/^X^fA 3 1 2& 
t/3 1 2A<D&Mft*<D&*&frbfc'\^Z&m£iriZ 

[0 0 9 9] [Hi 2lw^-ry >>~?y9=F#WrftX>bWD 
-t^ -7x-VisRT$m 9 KloV*-C±SSUft. X 0 ft^^^Pffi 

6 0 SfcSttTtftHiHi oir^TJ^LfcJz^ftPS 

Kioi^-c, y ^^y?^m\\t V \s>7-WM<Dft&. fi 

So hu-v^ojffiS (Sffi*»fe£>i«$) WcPSWIf^—K 

[oioo] Jb^con <t (-;jp^r, SKTSetH^o-c 
y >ymmfabmmmw<D^t-is^ b^mmm\^m 

»ft*>-«Mt;j . 2 4 5-2 6 4^E5$Snr*3 9, 

[oioi] en 2tc^-r»igft y y yt^mfrto 

8 rffi«JCS**jfe^a««J . 846 -848 HidlE 



So 

[0102] swftttassxtM ^ ntt3Stt«cio 
05 ^^<0WSB*aB±irj5S:ft$ixfc <i-ftte*>*SS*i 

[0 10 3] rcoa!J^tt^fti9iB3tb^:Alt 

r^7-f*'*^LTR*tu^*jKi-ft*p , bea6$4x 

[0 1 04] Hi 3#4iB*a3eS:im-r-5fc»^tfjE* 

>X3 i sxi/t*— A^xy ^ 3 2 0Bg«r<H3tSS4 7 

20 OSrR^otT— A^^y 7^32 OX Tlx 

3 i AWi\z.r-r=7^^A 7 2*wttxfoz>z.tx&> 

S D 

[0105] so [nnd ^=¥ir ^^^-rs3toeai»i-t 

25 W"«r^*c:Bajl:-rSwitt-C*ftv\ *K LT5t«ll±SS 
T W 3 1 4irJ:oT*mSixfc««:^lfftlfcSr* 

So ^or^<^Ti^Sft«»iltt8W^o< 5 tSK®* 

&\m n& ¥iaMaj^i:»t s ji ft s 7 h 
^i~s^> «»wft»«iwWitA/ifa5ftttfti\ 

35 [0106] L7^Lft#b&S£^*i-^ft^teSK 

s<y??7 V > K«#tt* l 2 <DifBL*WL? S 

40 - <tJ-<toT^gP^9 ?B$HSo 

[0 10 7] AC«ffiS:«t^TJW*Sn 
y ^^SWi-J:S^«ftDC/<7^^ 

[0108] El 1 4 teffiyt&Wlfe-tZ X 0 
jftlwifclrvr, 1^— If 4 1 0^e>^3ttt«3fe*4 7 0^ii 

i§ur A^^y 4 s oicf^^^o t'-^^/D 

50 7^4 8 OliaSS3tSr«tf«Ut^2oco^|^»t, 1 
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1 2\zfi\t>^\ i&cn 1 Oli^ 7—4 6 4 IwfpJ^t 
2£lg£ixNl 1 0 A\Z.&&1rh~^%m&\sl'X3 1 2 A 

lit-A^/y y$ 4 8 0Sriii§Lrr^-7-rif4 7 2 
KJN-Lfc»9<o*ti^— ^*X!J 4 8 old J: tXBrfii 

ZtlXT-rysflf 4 7 2 ^LT)t«ltif4 2 0(D|J|£ 
[0109] ^tzT-T^^^A 7 2^J&^£ix-Ce*— A 

^yy 4 8 ori>'-; 7—4 6 4fiaidffiH£;txfc7-j- 

J: «9 tr— a 5 C £ lr J: o T D ?B f r. ^ t? 

[0110] ^fcSSNAU-^X^^^ii^ai^Sri- 

iwo^xii^i-^o 01 ste^-r^ftyttom&mn-r 

[0 112101 5li7-^^3tft!:31Srllffi-St$^ 

K»ftftT^*t?x/Ni 1 0*mMirZ>& ?\z.ffii& 

1 140H^)i 

ot^S£»X3 1 2, fcf>-7iv- ;U4 1 SRZfftft 
fh4 8 OIL ^F^KMUfcU-1f t'-A^^LT90 o 

[0 113] ?^^&%Vr<D^jLbfrZ)2^<Dmi&$:m 
i str^-To ®i<o»ig/j:ffifi8;^*3^rii, HUtttu— 

f 4 1 0^(/^ 7-3 2 Olriot^xibilSo fcf — A 
HTOwSl/yX3 1 2 ^riSigLT^^N i i oic^l^ 

S*8l^f^»X3 1 2£iIoTfclf fcf-A4 8 
4{r/j:5o IWf- Afif /U4 1 8 £iii@LT# 



[o l l 4] ^2^$FiS>illiSMicio^-c, if 4 i 
OA^fj^t-A^/y XA4 8 2 Sr^LT^'Mcig 
-&£n<5 0 ^cotf— All hu^fl 1 4 Art^gg^icJ: 

5>7fef+4 8 OXt/tTV*— ^4 1 8«a*l<tta/T^ 
fi£H^&*ft«JJ-^SftLT t-A4 8 4 A£t££t5l-£ 0 

[0115] BNAI/yXl 1 2\Z& *) hUyf^ISt 
•T-S^^^JlOT^^tLfc^^^^l 1 0C7)gffi£ 

[0116] 116 fiffiv^HnSkNA^U^Xl 1 2 Sr 

15 ^^i-3sa«wio^r, m&%L f o ^*as4 9 2&mi~z> 

**H»*«:Hj6» f . ^«!«»4 9 4 Sr*i-5jEKJS<D 
»*BI«tB-C*>-&. 3taS4 9 2^5>w*ii^^Nl 1 0 

8i^*i"J:9 4*«RH»*^afit^^i i ocoSMtc 
20 »-&snSo 1^—9* 4 l O^MlKISf , f±H«»f 0 i 

tt^*9*>SS«t 5twatR*tiSp Ml:7>f^ 4 9 
0^tV*-yM 1 8&t/3t«a3«4 2 OBm-ESStb 

5 0 :7-Y;u*4 9 0{i^l^f 0 Kiev w-r* 
25 *i-5#£iIil£-£So 

[oiniiw, K-^^nt^y =3><d®*$4 9 

6jWti*4 9 2&t/U— if 4 1 0<DmJjlZ£iX!&M£ 
30 X^rA3 12^Sl (1/>X^7A3 1 2 <7>T 
i^uyX3 l 2 0^^>^©j$it5C<b:^J:o 

35 $tb5 0 

[0 1 18] Zti&X&^XttzZ.hte, S5v>BBp»N 

.SSr^TT#fc 0 0 1 7l^^^^^x^7 p ^ic^^ 

40 W^C^X^fA3 1 2^rV>^^a^t>ii:^) 
^t¥®it'fo^ 01 8li0l 7*j»X-Xl:fc 

[oii9] !>3i/N^-iry^ 5 l ote, -tn*s**JwBB 
It bixTV ^ t m o jS^*31 ^T^ftco^ir ^ ^ t ttll* 
45 So *»*Bln»«:**.^l 1 0^fliffi±^Bffiffi«Sr^. 

'^x*T*y*\*\s^xm&to>z i 2jc»lt«»wJw 
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[01 20] ffimv^'^^y?<onM^m^%nmz 

o^TJl, 1973^10^ 3§fr, !g44#, fglO-^, r^t' 

—j*-v<$ vmm^t^tbtoffimv^'^^y ? \ > 1506 

[oi2i] mm^x&^zk, 
n ft s $vA\zmte z> m±<Difrw$L zmm-i-zztizto 

<7}«#®£^LTiiffl£;ft£o ftfe^mfcflt^AgfiS 1 4 

LTMl>*5 J: 9 IC^gP 5 16(a<9 Ag[5 5 1 4 \Z& 
*&Sn-5o B8BM5 1 6«i^iry^^*ftiJ^«fii5 1 5 
»C#ASB5 1 4 Sr^i-So 
[0 12 2] #a*Jt*K«tt5t*fe'&«-»SrfflV^w 
^trj; 9i^NAU>-Xi i 2&£j^1 1 Oco^ffiCi^ 

ffi^T t>3t**t»^«:t> 5 tC-B£<£>0 3 — HI 6 <d J: p ft 

So 

[0 12 3] ±j*^*5V^-C«, U^Xl 1 2^«¥a 

t><fcv\, 0Jx.tf*«J:!?toi'^ic/hSt^>'XW:, -en 
rtS^m^l ! 0WSIi6<l:f:l^^l 1 2'<DM&& 

m<<ox\ fozmmzttLx&mzmmx&Zo 
[0124] ±ft<Dmv*¥£W& j tv>mmt£mifomizm 

[0125] 

o@^f^ t (5 tars? l v * Sr*r 5 Jt^m&^-Wt 

LT^^^oSSi^^'&i- 5 ct 5 tc: Ufc ^ £ ir J: 9 > 
*3^*^ ffl^»»ft «« SrfHJI ^o5t^^«SE-t-5 

[g)ffi^ffl*ftapj] 

[(Hi ] 01 Ji*«M(wJ:-5fHBySSESr^i-fflSffiE!T-fe 
[0 3] BSttiaatc^l-SS^te^lSJECTSr^t-flSlffi 



[0 5] HI 5 {10 2 ir^i-^ffi^O^JS^JSr^i-ffliJ® 

[0 6] 0 6 ii0 2 \^i-ms<otiL(omi&M : k^i'mm 
mxhh Q 

05 [0 7 ] 0 7 (10 2 tw*r3SBSr«tp*^i»«»»S:^ 
i~{Jl'Jffi0-Cfo<5o 
[0 8] H8ttE2^*-r8a*S«^i-5jfe*:*«(0 

—m&yw?mt Lx^-ttitmmxtbZo 

[0 9] H9«iH2^r3S«S:*aS^-t-S3t*3fiBo 
[010] 01 0ttH2tc^i-3S«*iS«[«ci-6*^Sg 

m.<D—n$:*7*y#mb L,x^-rmmmxtbz> 0 

[0ii]0i l H0 2^i-^B$rS^i-^7fe^ 

15 [01 2] 01 2{i0 2tr^-r»BSrS^-rs3t^ 
Boo-g|5?rXo^^0^ Lr»-r«BBH-efcS. 
[013101 3«c02^-r»«SrSS8Hwi-S5t*K 

[014 101 4ttH2^»-nB«*r»«tei-5*** 
20 SCO— SBSr^o y?mt LT^-r{R!lffi0-T?£>5 o 

[015101 5ttBI2t^i-|SBS:S^i-5*^:3S 

gco— n*z?*y?mh x^x^irmmmxh^ 

[016101 6ttH2J^i-3gBSrS»^i"*3t*K 

25 [01 7] 01 7(101-01 6 fc*1-#¥RB«:flJ^ 
fc»5aft«fi8*^i-*»*l>^Xr/^^^iry^S: 

[018] 018 (10 l ~0 l 6 (^-r^^s^^^ 

30 TF-rmmrnxfoZ)* 

110, 11 OA y!)3y!)x/\ 112,-112 

A ^ftl^yX, 114, 11 4 a Fuyf, 1 

1 8, 1 2 0, 4 5 8 %M % 1 1 9, 4 8 2 X 

35 yx^, i2i, 130 v-y^^xyxA, 13 

2, 3 1 6, 4 9 2 Jtag. 134 U>X, 13 

6, 138, 140, 420, 4 5 4 #*M6tfcfcH 

2 14, 2 14A **»-&*i*:IB. 218 

$$9, 2 2 0 /X/K 2 2 2 310 

40 ffi^^X, 3 12, 3 12A ^r^.^U^X, 3 

1 8 =* }J ^ U^X, '3 2 0, 4 8 0 tf— A 

xXy^, 4 10, 4 1 OA U~ If, 418 

yu, 4 3 2. 4 3 4 t^7^7^ 44 0 

igi&l>k^*?. 4 4 2 S:&U<i:^^^^, 

45 4 5 6 Rtttt»ll& 4 6 0 ^«3t^ (AO) -fe 

/U, 4 6 2, 4 6 4 — , 4 7 0 {1^:^, 4 

7 2, 4 7 4 r-*-5>fU\ 4 8 4, 4 8 4 A 

»fcT— A, 4 9 0 4 9 6 X^tt 

5 10 Vx-'^^y?. 514 

50 SB, 5 1 5 Sffi, 5 1 6 SMSffi. 
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